Quantifying the impact of climate change and human activities on hydrological processes is of great importance for regional water-resource management. In this study, trend analysis and analysis of the short-term variations in annual streamflow and sediment load in the Yanhe River Basin (YRB) during the period 1972-2011 were conducted using linear regression and the Pettitt test. The Soil and Water Assessment Tool (SWAT) was employed to simulate the hydrological processes. The results show that both annual mean streamflow and annual mean sediment load in the YRB significantly decreased (P < 0.05) during the study period. The relative contributions from climate change and human activities to YRB streamflow decline between 1996 and 2011 were estimated to be 55.8 and 44.2%, respectively. In contrast to the results for streamflow, the dominant cause of YRB sedimentload decline was human activity (which explained 64% of the decrease), rather than climate change.
INTRODUCTION
Changes in the regional water cycle are closely related to water scarcity, which is a pressing issue across the world Owing to the particular geographic landscape, centuries of excessive cultivation, and rapid population growth, the Loess Plateau has become one of the most seriously eroded areas in the world and its ecological environment is consequently fragile (Liu et al. ) . The annual mean soil loss on the Loess Plateau is about 2,000-2,500 t/km 2 (Shi & Shao ) only station in this study. Monthly streamflow and sediment load data from Ganguyi station from 1972 to 2011 were obtained from the Yellow River Commission Committee, and were used for model calibration and validation.
Abrupt change analysis
The Pettitt test ( from the same population. The statistical index U zn is given by:
(2)
The abrupt change point is defined as the point where U zn reaches its maximum value, and the associated probability (P) is given as:
If P is smaller than the specified significance level, which is 0.05 in this study, the null hypothesis is rejected. In this study, the 10 most sensitive parameters for the streamflow and sediment load simulations identified by
SWAT Calibration and Uncertainty Procedures are listed in
Tables S1 and S2 (supplementary material, available with the online version of this paper), together with their detailed definitions, ranges, optimum values, and sensitivity ranks.
The SCS runoff curve number II(CN2) was the most sensitive parameter for both streamflow and sediment load simulations.
Model set up and calibration
The 
where Q o and Q m are the observations and the simulation, respectively, and Q o and Q m are the means of the corresponding variables. NSE ranges from À∞ to 1, and R ranges from À1 to 1. The closer the values of NSE and R are to 1, the more similar the simulation is to the observations. given watershed, we assumed that the total change in annual mean flow or sediment load can be calculated as:
where ΔQ t indicates the total change and Q v and Q b are the observations during the evaluation period and the baseline period. Assuming the total change ΔQ t comes from the combined effects of climate change and human activities, the following decomposition can be carried out: respectively. Therefore, the percentage contributions from climatic change (P c ) and human activity (P h ) on the variations in streamflow and sediment load can be described as: Figure 3 shows the changes in the annual streamflow and sediment load time-series, as detected with the Pettitt test. Both streamflow and sediment load series were subject to an abrupt change in 1996. We therefore further divided the series into two sub-periods: the baseline period (before 1996) and the evaluation period (after 1996) . We found that annual mean streamflow was 81.1 m 3 /s before 1996 and 54.8 m 3 /s after 1996. Similarly, the annual mean sediment load was 4.2 × 10 7 t before 1996 and 1.5 × 10 7 t after 1996. Annual mean streamflow and annual mean sediment load dropped by 32.4 and 63.0% in the evaluation period compared with the baseline period.
RESULTS
Evaluation of streamflow and sediment load simulations Figure 4 shows the simulated YRB streamflow and sediment load during the calibration (1972) (1973) (1974) (1975) (1976) (1977) (1978) and validation (1979) (1980) (1981) (1982) periods. In general, the magnitude and variation of the simulations were similar to the observations.
The statistical measurements are presented in Table S3 in the supplementary material (available with the online version of this paper). For streamflow, R 2 and NSE were 0.81 and 0.71 in the calibration period and 0.74 and 0.65 in the validation period. SWAT performance was not as good for the sediment load simulation as for the streamflow simulation: R 2 and NSE were 0.71 and 0.73 in the calibration period and 0.64 and 0.81 in the validation period.
As shown in Figure 4 , the general magnitude and variation of the simulated streamflow and sediment load were similar to the observations. Both streamflow and sediment load simulations achieved high R 2 and NSE values in the calibration and validation periods (Table S3 ). However, most of the disagreements between the model and observations occurred at the peak values. For example, during the highest peak (around August 1977) the model overestimated streamflow and underestimated sediment load. The nonlinear relationships between meteorological elements and streamflow (or sediment load) make the simulation complex, especially for extreme events. In addition, we could not take check dams into consideration owing to the unacceptability of the data; however, surface streamflow and sediment yield in the rainy season and annually will be reduced because of interception by check dams (Xu et al.

). Furthermore, daily hydrologic data are not available and the monthly data do not reflect individual events well. Assessing the individual impacts of human activities on streamflow and sediment load is relatively complex because there are many human factors that can influence the streamflow and sediment load both directly and indirectly. The water demand from different sectors for the YRB is listed in Qv denotes the observed streamflow and sediment load data in both periods. Qs denotes the simulated streamflow and sediment load values in both periods. ΔQt denotes the total changes during these two period (observed data in the evaluation period minus observed data in the baseline period). in the YRB during the calibration period (1972) (1973) (1974) (1975) (1976) (1977) (1978) and the validation period (1979) (1980) (1981) (1982) .
Impacts of climate change and human activities on streamflow and sediment load
activities on streamflow has intensified over the years.
However, the influence of human activities on stream- The YRB is one of the areas on the Loess Plateau that suffers from severe soil erosion. To control soil erosion, many soil and water conservation measures have been implemented in the YRB, including terracing, check-dam construction, forestation, and grass planting. Table 3 shows the cumulative land area in the YRB given over to major soil and water conservation measures during different time periods. As shown in Table 3 
Impact of watershed subdivision threshold value and DEM resolution
In SWAT, the different watershed subdivision thresholds (WST) and DEM spatial resolutions can affect the watershed modeling process and subsequent results (Jha et al. 1970-1979 1980-1989 1990-1996 1997-2000 2001-2005 Once the WST is assigned a subjective value, SWAT automatically delineates the sub-watersheds, and further subdivides these sub-watersheds into HRUs. The DEM data contain the topography of the study area, which plays an important role in the hydrological cycle. Thus, in order to evaluate the sensitivity of the simulation to the WST and DEM resolution, 10 different WST levels ranging from 20 to 500 km 2 and 11 DEM spatial resolutions ranging from 20 × 20 to 2,000 × 2,000 m were used to simulate annual streamflow and sediment load during the period 1972-1978, and then the uncertainties were compared.
The simulated annual streamflow and sediment load under different WST levels are shown in Figure S1 (supplementary material, available with the online version of this paper). We found that changing the WST barely changed the simulated streamflow, consistent with the results from previous studies 
)
. Surprisingly, in the sediment-load experiment, changing the WST tended to dramatically influence the sediment load during the years with large sediment yields. In other words, the WST can bring a considerable degree of uncertainty to the sediment load simulation. In SWAT, the sediment yield is calculated by the MUSLE, as follows:
where Q surf is the daily runoff volume; q peak is the 30-minute peak runoff rate; Area is the HRU area; and K, C, P, LS, and CFRG are the soil erodibility, cover and management, support practice, topographic, and coarse fragment factors, respectively. As shown in Equation (12), a smaller WST value will lead to a larger number of sub-watersheds and a reduction in the mean sub-watershed area ( Table S5 in the supplementary material, available with the online version of this paper). However, q peak changes in proportion to the HRU area (Neitsch et al. ) : when the WST is low, the value of q peak will also be low and, consequently, the sediment yield will be reduced (Equation (12)). Furthermore, there is a nonlinear dependency of sediment yield on 'Area' because area is raised to the power of 0.56. In addition, if the WST value exceeds a certain threshold (150 km 2 in this research), the stream length and stream slope for the watersheds at the watershed outlet (WOS) will show a large change (Table S5) , thus influencing sediment load during the years with large yield.
Simulated streamflow and sediment load tend to decrease with coarser spatial resolution ( Figure S2 in supplementary material, available with the online version of this paper). Moreover, we found that there is a DEM resolution threshold beyond which the simulation results become extremely unstable. As shown in Figure S2 , a robust estimate of this DEM threshold for the YRB is approximately 100 × 100 m. Delineation of sub-watersheds is reliant on topographical accuracy, and topographical features are lost when the DEM resolution reaches a certain level of coarseness. As the DEM resolution becomes coarser, the mean slope is reduced and the total watershed tends to be flatter ( Table S6 in the supplementary material, available with the online version of this paper). Streamflow and sediment load in SWAT are significantly correlated with the mean slope, with R 2 of 0.97 and 0.96 for streamflow and sediment load, respectively (Figure 7) . Some previous studies have shown that DEM resolution has no effect on SWAT simulated streamflow, but those results were likely due to the research area being flat (e.g. Chaplot ) or small with dense cover (e.g. Lin et al. ) . In our opinion, the relationship between DEM resolution and simulated streamflow likely varies according to the region being studied.
CONCLUSIONS
Climate change and human activity are key factors that significantly affect streamflow and sediment-load patterns at the watershed-scale. In this paper, we aimed to quantify the impact of climate variability and human activities on changes in streamflow and sediment load in the YRB. In addition, we also specifically assessed the sensitivity of the streamflow and sediment-load simulations to different SWAT model configurations (WST value and DEM resolution). Our major findings are summarized as follows:
The annual mean temperature in the YRB showed a significant upward trend during the period 1972-2011, but no significant trend was observed for annual mean precipitation.
Both annual mean streamflow and annual mean sediment load in the YRB decreased significantly (P < 0.05) during that time period. The SWAT model performed well in simulating the YRB streamflow and sediment load.
The WST level had almost no effect on the streamflow simulation. However, for years in which there was a large sediment load, the simulated sediment yield increased significantly above the observed values as the selected WST value increased, for WST values above a certain threshold (150 km 2 in this research). Both streamflow and sediment load tended to have smaller simulated values when the DEM resolution was decreased.
Climate change played a slightly larger role in changes in YRB streamflow during the period 1996-2011, contributing 55.8% of the total decrease in streamflow. In contrast, human activities were responsible for approximately 64% of the total decrease in sediment load during the same period.
Therefore, human activities appear to have a greater effect than climate change on sediment load. The results presented in this paper should enable a better understanding of the intrinsic causes of change in the hydrological cycle and sediment transport processes on the Loess Plateau. In addition, the findings on streamflow variability and sediment-load changes in the YRB could be a useful reference for adjusting current water-resource management plans and evaluating the potential risks to the ecosystem and environment.
